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(21) 4836184/03 

(22) 07.06.90 

(46) 23.04.93. 6ion. I* 15 

(72) A.C.MepeftauKMft. A.B.<Dommh. A.B.AxMa- 

AeeB M O.CMyxaMeTrapunoB 

(56) flaTeHT CWA ISfc 3191677. mi. 166-14. 
ony6/iMK. 1965. 

ABTOpCKOe CBMAeTe/lfeCTBO CCCP 

Nk 1254137, k/i. E 21 B 29/10. 1982. 

(54) CnOCOB PEMOHTA 06CAflHblX KO- 

/10HH 

(57) l4cno/ib30B8HHe: peMOHT ysacTKOB c ona- 
raMM pa3pyajeMnfl m Ae<t>eKT8Mn b cTeHKax 06- 
C8AHUX KO/IOHH. CytUHOCTb *oo6peTeHMfl: 
noA6wpaioT uM/iMHApMsecxHfl naipySoK pac- 
MBTHoro nepMMerpa. A*MHa KOTbporo 6o/ibiue 



BHyTpeHHero AMdMOTpa 2 peMOH-mpyeMoro 
ysacTxa o6caAHOrt kohohhu. a aamh3 naipy6- 
ica 6o/ibiue a^mhw MHTepBana noepe^eHnp. 
npow3BOAflT nonepesHyio Ae4>opMaunK> naT- 
py6xa no Bceft A^wHe ao norepw ycTownviBO- 
ctm. (J)MKcaunK) ero b 3tom nonoxeHMM, cnycx 
b CKBaxuHy m ycTaHOBKy b 30He noBpexAe- 

HMfl nyTCM <t>MKCaTOpOB. ripM 3TOM MdTepHan 
naTpy&xa Bbi6npa»OT no MOAynio ynpyrodM - 

E. KOTOpblR OnpeAe/l5)K)T M3 COOTHOUJeHMRI 
1 4 P 

E" — .«/ . rAe P - KOHTarrHoe AaB/iemie 
(h/R) 1v * 

naTpy6»ca Ha ctgh km o6caA"Ofl ko/johhw; h - 
ro/tuiMHa CTeHKM naipy6ica; R - paAwyc BHyT- 
DeHHeA CTeHKM o6c3ahom ko/iohhm. 4 m/i. 
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Vl3o6peTeMne othocmtc* k TexnoAorMM 6uTb wcno/iMOBaHa BucoxoKaMecTeeHHaa 3a- 

peMOHTHwx pa6oT b Kc4>feAo6wBaiome« npo- raneHHas crsAb. crexAonAacTvix m APynae Ma- 

MuiuneHHOCTM. a MMeHHo. k cnoco6aM /imkbm- Tepwanu, xapaxTepn3yK)iHMe tcm, mto 

AauMM ynacTKOB c onaraMM paapyuieHMSt m Hanp«>xeHMii, B03HM»ca>omwe b mux nocne no- 

Ae<J>eicT3MM b deHicax o6c3Ahux xoaohh. 5 T epw ycTO&HMBoc™, He npeBuiuaiOT npeAenoB 

Ue/ib M3o6peTeHnn - noBwuieHne 3<t>4>eK- ' TexyMecTM abhhux MaTepwa/iOB. T.e. coot- 

tmbhoctm peMOHTMbix pa6oT m o6ecneseHne BCTdByiOT ynpyrwM Ae<t>opMaunflM 3tmx Maie- 

paBHOMepHoro npu*aTMA naTpy6xa no Bceft pwa/iOB. 

ero AAHHe x o6c3ahow ko/iohkb npw ynpome- 3aTeM npOM3BOA«T nonepeMMyio Ae<j>op- 

hum npouecca ycraHOBKH naTpy6ica 3a chqj 1 & Maumo naTpy6xa no Bcew AAMHe ao noTepn 

McmnoseHMw Aono/iHMTe/ibHoro bo3A6^ctbmp ycTOMMWBOCTW m 4>MKcauMio ero B 3TOM cocto- 

*a Nero. »hmm. flj\* SToro naipySox 1 noAaiOT Ha bxoa 

Ha <J>Mr. 1 M3o6paxceHO ycTpoAcTBo nn* onpaBxw 2 npoTnruBaioiuero ycTpoftCTBa c 

npwBeAeHM* naipyfixa b coctoahmo noTepw npeABapMTeAbHO.BXAioMeHHUM ABwraTeneM6. 

ycT6fiMMBocTM;Ha*Mr.2-ceMeHneA-AHa4>Mr. 15 nepeAaioiUMM Bpamenne Ha poamxm 4 c no- 

1; H8 4>wr. 3 - ceHemie 6-E Ha 4>Mr. 1; Ha <}>nr. ; Momwo MexaHwnecxoro npnsoAa 5. Poamxm 4 

4-naTpy6oK,3a(}>MKCMpoBaHHwftBcocTOJiHMM 3axB3TbiB3K)T natpy6oK m npoTnrwBaiOT ero 

norepn ycToAHMBOcm. BHyrpb KOHMMecKOfl onpaBxw 2 ycTpofiCTaa. flo 

. ycrpoftCTBO a** npMBeAeHM« naTpy6xa 1 • Mepe ABn*eHMn naTpy6xa BAOAb BHyrpeHHeM 

b coctouhmo noTepw ycToftMM BOCTvt - npoT«rw- 20 noBepxHOCm nocreneKHO yBe/iwvtMBseTCJi ps- 

Baiomee ycrpoflCTBo - npeACTawmeT co6oft Awa/tbHafl Harpy3xa. AewcTeyiomafl na neroco 

KOHMMecxyio onpaBxy 2 c <j>opMoo6pa3y»omwM cropoHU onpdBxu M3-3a yMeHbiueHwa ee Awa- 

<rrep*HeM 3 h pOAuxaMM 4, 3axpenjfeHHUMM MeTpa.tl3BecTHo,STOTOHxiieynpyrMeo6oAOH- 

no AAMHe on pas km. Poamxm 4 capaaHw c Mexa- km noA AeCiCTBMeM paAna/ibHoii Harpy3xti 

HMHecKMMnpMBOAOMB, BpaiueHweHa xoTopufi 25 Tepn»OTycToCiMMBOCTb, nepexoA* KHOBOMyco- 

nepeAaeTca ABMraTeAeM 6. Flocne npnaeAe- ctohhmk) paBHOBecM* c BunyxAOCTbK). 

HMnnaTpy6K3BCOCTO»Hne norepn ycTOfiHWBO- • o6pamenHOM k ueKTpa/ibHofl ocm UMAMHApa. 

ctm npw noMOiuw AaHHoro ycTpoRcTBa oh fl/in o6ecneMeHMn nepexoAa naTpy6xa b co- 

4>MKCMpyeT£* b 3tom coctosihmm nocpeACTBOM CTOflHue noTepw ycTov^MMBocTM cnyxMT <$>op- 

^MxeaTopoB l t coeAMHeHHux MOKAy co6ofi 30 Moa6pa3yiomvi^ CTepxeHb 3, xoTopuft 

crepxHRMM 8. n pmboa 5 npeACTaB/ineT M3 ce- xoHueHrpupyeT paAwa/ibHyio Harpy3icy Ha naT- 

6« 3y5MaTyK) nepeAasy c oahom BeAyuueft 9 m py6ox, Tepnioiuiin y cto mboct b. Aa^bHeft- 

AByMA BeAOMbiMn tuecxepHJiMM 10. 11. BeAy- luan npoTflxxa naTpy6xa CBnaaHa x 

mas uiecTepHA 9 ycraHOB/ieHa Ha buxoahom npoAonxaK>mMMC« yse/iMHeHweM paAwa/ibHofc 

Bdiiy 12 ABMraTena 6; rta sa/iy 13 sepxHefl 35 HarpyaxiiM npM&OAMT k yse/iMMeHMK) Bunyx/io* 

BeAOMoA ujecTepHw ycraHOB/ien KpaflHuw Bep* ctm o6oaomkm naTpy6xa, noTepjJBiijeCt ycrroft- 

xHMfl po/iMK 4, a Ha Bany 14 HMXHew BeAOMow sMBOCTb, b pe3y/tbTaTe nero pa3Mepw 

uiecrepHM xpawHuw hwkhmm po/imk 4. Poamkm naTpy6xa 6yAyr cooTBeTCTBOBdTb TpaHcnopT- 

4 (m sepxHue, m HM>KHMe) CBP3aHHbie npiiBOA* hum paaMepaM Ten, cnycxaeMux b cKaaacMHy. 

hum peMHeM 15. PoiiMKM 4, He CBRaaHHbie c 4 0 B MOMeHT AOCTvtxeHMfl naTpy6xoM TpaHcnop- 
BdJiaMM 13 m 14. BunoiiHeHw ynpyroa/iacTMH-' thux pa3Mepos oh npoT«mBaeTC« * xoHuy 

HbiMM M)iw noAnpyjKMHeHbi b pe3ynbTaTe sero onpaexn 2 m Ha swxoAe W3 Hee CTarnBaeTcn 

ohm OTcnexMBaiOT Ae<J>opMauwo narpy6xa. Hecxo/ibKMMM ^MxcaTopaMw 7 (cm. 4>wr. 4). xo- 

BoxoBue poamkm 4 aaicpenneHbr b kohmhcckoh Topue McecTxo coeAMHsiioT Me^Ay co6on CTep- 

onpaBxe 2 c eosMoxcHOCTbio BpatueHMsi. Ohm 45 xhamm 8. Tbkwm o6paaoM acyiuecTBAnm 
ho noAnpyxMHeHu h ycraHOB/teHu coocho k onepauwio<t>MxcMpoBaHM« naTpyGxa 1 bcocto- 

4>opMoo6pa3yiotueMy cTepTKHio 3. ahmm noiepu ycToPmneocTM/ 

nocne aroro npoM3BOAAT ycTanoBxy naT- 

Cnoco6 peMOHTa 3aKAK>MaeTCR b che^por py6xa e 30He noBpexcAeHMn o6c3ahom koaoh- 

meM. 50 Hbi. 

BHanane ocyiuecTB/inioT noA6op naTpy6- Aa« 3Toro c noMOtUbto AepxcaTeAA (na nep- 
xa pacseTKoro nepviMeipa m ynpyrocm. flaT- Texe He noxa3an) naTpy6ox. 3a<t>MKCMpoB3H- 

py60K 1 BUnOAHHIOT B BMAe TOHKOCTeHHOrO HUM B COCTOflHMM nOTepM yCTOMSMBOCTM. 

xpyroBoro UMAMHApa M3 MaTepMaAa o6A3Aaio- cnycxaiOT b CKBaxMHy w ycTanaBAMaaiOT na 
mero cbomctbom ynpyrocTM. npimeM nepw- 55 ypoane ynacTxa noBpexcAeHtin o6caAHO« xo- 

MeTp* UMAMHApa 6oAbiue BHyTpeHHero aohhu. CTflrweaiomMe naTpy6ox 1 4>wxcaTopu 

nepMMeTpa peMOHTwpyeMOft o6caAHOM koaoh- 7 chmmbiot. nepeMeman Baepx coeAUHflioiMne 

hu, a AAHKa - 6oAbtue MHTepaana noBpoxAe- mx CTepjxHM 8. sto npwBOAMT x chatmio paAM- 

hmji o6caAHOM koaohhu. B xanecTBe anbHofl Harpyaxu, ACMCTByK)meM Ha naTpy6ox. 

MaTepnaAa n3roT08neHHR narpy6xa mo xct Qo a AetidBneM vcmamm b o6oAOMxe. noTepas- 
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weii ycTOMMMBOCTb, naipy6oK 1 BoaepamaeTCfl 
8 wcxoAHoe paeHOBecHoe coctoahmc 

B cw/iy Toro. hto mcxoahwA bhcujhm& flu- 
BMeTp naTpy6ica Hecxo/ibxo 6o/ibuie BHyTpeH* 
Hero AwaMeTpa o6caAHOfl ko/iohhw. DaTpy6oK 
nnoTHO m paBHOMepHO npwxcMMaeTC* k o6caA- 
hoPI KO/iOHHe, nepeKpwB yMacTOK noBpexcAe- 

HMfi. 

Guam npoBeACHu /ia6opaTopHue McnuTa- 
hmh cnoco6a peMOHTa o6c3ahmx ko/iohh Ha 
MOAenn o6caAHOft KO/iOHHbi c ue/ib»o npo- 
eepKn ero pa6oTOcnoco6HOCTM. MoAe/ib 06- 
caAHoA ko/iohhw npeACTae/ifleT co6ofi 
TO/tCTOCTeMHyio Tpy6y c BHyrpeHHMM AwaMeT- 
pOM 80 mm, napaMBTpoM 251,2 mm- m aamhoA 
500 mm. 

naTpy5oK Bbino/iHCH M3 creK/ion/iacTHKa b 

BMA6 TOHKOCTeHHOrO KpyrOBOI*0 UM/IMHAP3. 

TO/iiUMHa CTeHKM KOToporo0,3 mm. a nepwMeTp 
251.6 mm. 

B K3M6CTB6 npOTBrMBSIOmerO yCTpOWCTBS 

Mcno/ib3osanacb KOHMMecKa* onpaeica co 

BXOAHbIM AM3MCTPOM 100 MM. BSIXOAHbIM - 70 
MM. A/MHOfl 600 MM C OAHMM <J>OpM006pa3yK>- 

iuhm CTepxHeM BAO/ib BHyTpeHKeft nOBepxHO- 
ctm onpaBKM. npoT«)KKa ocymecTB/ia/iacb 
A3B/ieHMeM Ha Topeu naTpy6xa. Ha swxoAe M3 
nptiTflmBatomero ycTpoftcTBa naTpy6ox MMe/i 
AnaMeTp 70 mm, npuseM <t>opMoo6pa3yK)inw£i 
trrepxeHb yxce He Kaca/ica BbiBepHyTofli 060- 
/iomkm narpy6Ka. 11 b TaicoM nonoKeHwn narpy- 
6ok 6u/i nocAeAoeaTenbHO CT»HyT abyma 

4»MKCaTOP3MM. CO€AMHCHHblMM MeXAY COSoft 
AByMJI CTaJlbHUMM CTepJKHflMM. 

3aT6M naTpy6oic 6u/r cnymeH b MOAe/ib 
o6caAHOA KO/10HHU ao ypoBHfl 30hw noBpex<- 
AeHMB o6cdAHoA ko/iohhw c noMombio Aepxca- 
Te/ifl. nonepeMHbie pa3Mepw xoToporo He 
npeeuujanw 70 mm. 3aTeM cTarwaaiomMe 4>mk- 
caTopbi CABMranw k eepxHeMy Topuy. naipy6ica 
3d cm6t ycw/ina, nepeAaBaeMoro Mepe3 CTepx<- 
hm. 

B MOMeHT CH«TWfl nocneAHero <J>MKcaropa 
cbo6oahuA natpy60K no/tHOCTbio bocctsho- 



BM/I CBOK) 4>0pMy. npMXOBUJMCb K BHyTpeHHCtl 

CTeHice o6caAHOii ko/iohhw m nepeKpwB 30ny 
noBpexcAeHMfl. 

AnanorMMHUM o6pa30M 6binn npoBeAeHbi 
5 ncnwT3Hvm b yc/iOBM«x no/iHoro 3ano/iHeHM« 
MOAe/m oocaAHOw kohohhw boaom. 

/1a6opaTopHbie AaHHue noATBepAHiiM pa- 
6oTOcnoco6HOCTb A3HHoro cnoco6a peMOHTa 
o6caAHbix ko/iohh. HaTpy6oK no/iHOCTbio. 6e3 
10 noBpex<AeHwft w cic/iaAOK BOCcraHOBW/i cboio 
cfopMy m ruioTHO 06/iera/i BHyrpeHHioio CTeHxy 
o6caAHOft xo/iOHHbi. M3onnpy?i 30Hy noapexc- 
AeHUfl. 

cp o p m y a a m 3 o 6 p e t e h m « 
15 Cnoco6 peMOHTa o6caAHUX koaohh. 
BKJuonaioiuMfi noA6op naTpy6ica pacneTHoro 
nepnM6Tpa, nonepeMHyio Ae4>opMauMio naT- 
py6Ka no Bcew a^mhc cnycic ero b cKsaxcwHy m 
ycTdHOBicy b 30He noBpexcAeHMP, o t n m m a 10- 
20 m m m c a TeM. mto, c ue/ibio noBbiweHnw 
34><t>eKTHBH0CTvi peMOHTHbtx pa6oT h 65ecne- 
HeHMH paaHOMepHoro npuxaTun naTpy6xa no 
aceA ero A""He k o6caAHOM KO/ionne npvi oa~ 
HOBpeMeHHOM ynpotueHMM npouecca ycra- 

25 H OB KM naTpy6K3 33 CHeT MCK/llOMeHMfl 

AonoAHMTe/ibHOro B03AeftCTBM« H3 Hero. Ma- 
Tepna/i naTpy6Ka Bw6MpaiOT no moay/ik) ynpy- 
rocTM E, npimeM nocneAHMft onpeAe/imoT M3 

COOTHOUieHWJ? 



30 



E > 



1,4 P 



(h/R) 



rAe P - KOHTaKTHoe AaBAeHwe naTpy6ka na 

CTeHKM 06C3AH0fl KO/IOHH bt.* 

35 h- TOAiuwHa CTeHKM naTpy6Ka; 

R - paAMyc BHyTpeHHefi noBepxnocTM 06- 

CBAHOft KOnOHHbl, r - 

a nonepeMHyio Ae4>opMauMio qaTpySKa no 
Bce^ A"MHe ocyiuecTBAJiiOT ao noTepM ycrotf- 

40 MMBOCTM, 33TCM erO <}>MKCMpyK)T B 3TOM COCTO- 

ahmm m nocne cnycxa b 3QHy noepexcAeHMJi 

4>MKCdTOpbl CHMM3IOT. ' ' ', : : ■ 
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than the inside diameter [sic: last clause 
should be either perimeter... perimeter or 
diameter ... diameter] 2 of the section of 
casing to be repaired, while the length of 
the sleeve is greater than the length of 
the damaged interval. Transverse strain 
is produced in the sleeve along the entire 
length until it buckles (loss of stability), 
it is locked in this position, lowered into 
the well, and placed in the damage zone 
by means of locking devices. In this case, 
the sleeve material is selected according 
to elasticity modulus E, which is 
determined from the relation: E = 
1 .4P/(h/R)l l/ 5, where P is the contact 
pressure of the sleeve on the casing wall; 
h is the wall thickness of the sleeve; R is 
the radius of the inside wall of the 
casing. 4 drawings. 



[Figure 1 spans columns 1 and 2, under header] 

[see Russian original for figure] 
A B 
A B 
Fig.l 

[vertically along right margin] 
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The invention relates to technology for repair operations in the oil production 
industry, and specifically to methods for repairing sections with localized failure and defects 
in the casing walls. 

The aim of the invention is to improve the efficiency of repair operations and to 
ensure that the sleeve is uniformly squeezed against the casing along its entire length, with 
simplification of the process of setting the sleeve by eliminating additional operations on it. 

Fig. 1 depicts the device for buckling the sleeve; Fig. 2 shows the A-A cross section 
in Fig. 1; Fig. 3 shows the B-B cross section in Fig. 1; Fig. 4 depicts the sleeve locked in the 
buckled condition. 

The device for buckling sleeve 1 (a drawing device) is a conical mandrel 2 with 
shaping bar 3 and rollers 4, attached along the length of the mandrel. Rollers 4 are connected 
to mechanical drive 5, which is rotated by motor 6. After the sleeve is buckled with the help 
of this device, it is locked in this condition by means of locking devices 7, interconnected by 
rods 8. Drive 5 is a gear drive with one drive gear 9 and two follower gears 10, 11. Drive 
gear 9 is mounted on output shaft 12 of motor 6; upper outside roller 4 is mounted on shaft 
13 of the upper follower gear, while lower outside roller 4 is mounted on shaft 14 of the 
lower follower gear. Rollers 4 (both upper and lower) are connected by drive belt 15. 
Rollers 4 that are not connected with shafts 13 and 14 are implemented as elastoplastic or 
spring-loaded, and consequently they track the deformation of the sleeve. The side rollers 4 
are attached to conical mandrel 2 so that they can rotate. They are not spring-loaded and are 
mounted co-axially with shaping bar 3. 

The repair method involves the following. 

First, a sleeve of the calculated perimeter and elasticity is selected. Sleeve 1 is 
implemented as a thin- walled circular cylinder made from material having the property of 
elasticity, where the perimeter of the cylinder is greater than the inside perimeter of the casing 
to be repaired while the length is greater than the damaged interval of casing. The material 
used for fabricating the sleeve may be 
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high-quality quenched steel, fiberglass-reinforced plastic, and other materials characterized 
by the fact that the stresses arising in them after buckling do not exceed the yield stresses for 
the given materials, i.e., they correspond to elastic deformations of these materials. 

Then transverse strain is produced in the sleeve over the entire length until it buckles, 
and it is locked in this condition. For this purpose, sleeve 1 is fed into the opening of 
mandrel 2 of the drawing device after first turning on motor 6, which rotates rollers 4 with 
the help of mechanical drive 5. Rollers 4 grip the sleeve and pull it into conical mandrel 2 of 
the device. As the sleeve moves along the inside surface, there is a gradual increase in the 
radial load acting on the sleeve on the mandrel side due to the decrease in its diameter. We 
know that thin elastic shells buckle (lose stability) under the action of a radial load, going to a 
new equilibrium state with bulging turned toward the central axis of the cylinder. Shaping 
bar 3 serves to ensure buckling of the sleeve, concentrating the radial load on the buckling 
sleeve. Further pulling of the sleeve is associated with continuing increase in the radial load 
and leads to an increase in the bulging of the shell of the buckled sleeve, as a result of which 
the sleeve dimensions will correspond to the run-in dimensions of bodies lowered into the 
well. At the moment the sleeve reaches the run-in dimensions, it is pulled toward the end of 
mandrel 2, and at the exit from the mandrel it is clamped by several locking devices 7 (see 
Fig. 4) which are rigidly interconnected by rods 8. The operation of locking sleeve 1 in the 
buckled condition is accomplished thereby. 

After this, the sleeve is placed in the damage zone of the casing. 

For this purpose, with the help of a holder (not shown in the drawing), the sleeve, 
locked in the buckled condition, is lowered into the well and placed at the level of the 
damaged section of the casing. The locking devices 7 clamping sleeve 1 are released by 
means of upward displacement of rods 8 connecting them, which results in removal of the 
radial load acting on the sleeve. Under the action of the stresses in the buckled shell, 
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sleeve 1 returns to the original equilibrium state. 

Because the original outside diameter of the sleeve is slightly greater than the inside 
diameter of the casing, [sic: the latter should be a clause of the next sentence, not an 
independent sentence] The sleeve is tightly and uniformly squeezed against the casing, 
sealing off the damaged section. 

Laboratory tests of the method for casing repair were conducted on a model of a 
casing in order to verify its feasibility. The model of a casing is a thin-walled tube with 
inside diameter 80 mm, parameter [sic: parameter should be perimeter] 251.2 mm, and length 
500 mm. 

The sleeve is made from fiberglass-reinforced plastic in the form of a thin-walled 
circular cylinder with wall thickness 0.3 mm and perimeter 251 .6 mm. 

As the drawing device, we used a conical mandrel with entry diameter 100 mm, exit 
diameter 70 mm, length 600 mm and with one shaping bar along the inside surface of the 
mandrel. Pulling was accomplished by pressure on the end of the sleeve. At the exit from 
the drawing device, the sleeve had a diameter of 70 mm, where the shaping bar no longer 
touched the twisted shell of the sleeve, and in such a position the sleeve was successively 
clamped by two locking devices interconnected by two steel rods. 

Then the sleeve was lowered into the model of a casing, down to the level of the 
casing damage zone, using a holder with transverse dimensions no greater than 70 mm. Then 
the clamping locking devices were shifted toward the upper end of the sleeve as a result of 
the force transmitted through the rods. 

At the moment when the last locking device was released, the free sleeve completely 
recovered 
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its shape and was squeezed against the inside wall of the casing, sealing off the damage zone. 

Tests were similarly conducted under conditions when the model of a casing was 
completely filled with water. 

Laboratory data confirmed the feasibility of this method for casing repair. The 
sleeve, without damage or crumpling, completely recovered its shape and fit tightly against 
the inside wall of the casing, isolating the damage zone. 

Claim 

A method for casing repair, including selection of a sleeve of the calculated perimeter, 
transverse strain of the sleeve along the entire length, its lowering into the well and 
placement in the damage zone, distinguished by the fact that, with the aim of improving the 
efficiency of repair operations and ensuring that the sleeve squeezes uniformly against the 
casing along its entire length while at the same time simplifying the process of placing the 
sleeve by eliminating additional operations on it, the sleeve material is selected according to 
the elasticity modulus E, where the latter is determined from the relation 

E >1.4P/(h/R) 11/5 

where P is the contact pressure of the sleeve on the casing wall; 

h is the wall thickness of the sleeve; 

R is the radius of the inside surface of the casing, 
and transverse strain of the sleeve along its entire length is accomplished until it buckles 
(loses stability), then it is locked in this condition and the locking devices are released after it 
is lowered to the damage zone. 
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[see source for Figures 2, 3 and 4] 
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